In this paper, motivated by Lin-Chang's theorem, we establish some new proximity point theorems and convergence theorem for MT -functions.
Introduction and preliminaries
Fixed point theory which started with the pioneering result on existence and uniqueness of fixed points given by Banach [1] , today is one of the most investigated research areas as a major subfield of nonlinear functional analysis.
Let (X, d) be a metric space and M,N be subsets of X. Consinder a map T : M ∪ N → M ∪ N . T is said to be cyclic provided that T (M ) ⊂ N and T (N ) ⊂ M . Theorem 1.1 [2] . Let M and N nonempty closed subsets of a complete metric space (X, d). Suppose that T is a cyclic mapping such that d(T x, T y) ≤ αd(x, y) for some α ∈ (0,1) and for all x ∈ M, y ∈ N. Then T has a unique fixed point in M ∩ N .
If the sets M and N do not intersect, Eldred and Veeramani in [3] modified Theorem 1.1 as follows.
for some α ∈ (0, 1), d(T x, T y) ≤ αd(x, y) + (1 − α)d(M, N ), x ∈ M, y ∈ N.
This condition is called cyclic contraction. For any nonempty subsets M and N , let
Eldred and Veeramani proved the following theorem in a uniformly convex Banach space X. Theorem 1.2 [3] . Let M and N be nonempty closed convex subsets of a uniformly convex Banach space X and let T : M ∪ N → M ∪ N be a cyclic contraction map. For x 0 ∈ M and define x n+1 := T x n , for each n ≥ 0. Suppose {x 2n−1 } has a convergent subsequence in M . Then there exists x ∈ M such that x − T x = d(M, N ).
Afterward,in these spaces, C.Di Bari et al in [4] introduced the notion of cyclic Meir-Keeler contractions and proved the existence of a best proximity point for cyclic Meir-Keeler contractions in the case of two sets. After this, this results is generalized for p sets by S. Karpagam, Sushama Agrawal [5] . In [6] a new class of maps was introduced, called cyclic ϕ-contraction which contains the cyclic contraction maps as a subclass and for this type of contractive conditions, in uniformly convex Banach spaces, results of best proximity points were obtained. Many authors has been investigated the existence, uniqueness and convergence of iterates to the best proximity point under weeker assumptions over T .
Throughout this paper, we denote by N and R the sets of positive integers and real numbers, respectively. Definition 1.1 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . A function ϕ : [0, ∞) → [0, 1) is said to be a MT -function (or R-function) if it satisfies Mizoguchi-Takahashi's condition (i.e. lim sup
It is obvious that if ϕ : [0, ∞) → [0, 1) is a nondecreasing function or a nonincreasing function, then ϕ is an MT -function. So the set of MT -functions is a rich class. But it is worth to mention that there exist functions which are not MT -functions.
Example (see, e.g., [12] ). Let ϕ : [0, ∞) → [0, 1) be defined by
, otherwise.
Since lim sup
In 2012, Du [12] first proved the following characterizations of MT -functions.
Theorem D [12] . Let ϕ : [0, ∞) → [0, 1) be a function. Then the following statements are equivalent.
(g) ϕ is a function of contractive factor; that is, for any strictly decreasing sequence
Very recently, Lin and Chang introduced the following new concept of Karapinar's type MT -cyclic contraction [18] . Definition 1.2. [18] . Let M and N be nonempty subsets of a metric space (X, d).
holds for all x ∈ M, y ∈ N.
Lin and Chang proved the following convergence theorem for Karapinar's type MT -cyclic contraction. Theorem 1.3 [18] . Let M and N be nonempty subsets of a metric space (X, d). Suppose T : M ∪N → A∪B is a Karapinar's type M T -cyclic contraction, then there exists a sequence {x n }, such that
In this paper, motivated by Lin-Chang's theorem, we establish some new proximity point theorems.
Main results
With motivation in Lin-Chang's theorem, we give the following new proximity point theorem which is one of the main result of this paper. Proof. By the definition of {w n }, we know that w 2n+1 ∈ M and w 2n ∈ N for all n ∈ N. By (2.1), we have
and hence,
Similarly, we get
By induction, we obtain
for all n ∈ N. Since ϕ(t) < 1 for all t ∈ [0, ∞),
By (2.3), we have
for all n ∈ N. Since τ is nondecreasing, the sequence {τ (d(w n , w n−1 ))} is a nonincreasing sequence. Since ϕ is an MT -function, by Theorem D, we obtain (w n , w n+1 ) ) .
Then γ ∈ [0, 1). For each n ∈ N, by (2.3) again, we have
Since γ ∈ [0, 1), we have lim
By the last inequalities, we get
Assume that {w 2n−1 } has a convergent subsequence
Since T is continuous and w 2n k −1 → v as k → ∞, we obtain 
(1) holds for all w ∈ M and u ∈ N . Let w 1 ∈ M. Define w n+1 = T w n for all n ∈ N. 
holds for all w ∈ M and u ∈ N . Let w 1 ∈ M. Define w n+1 = T w n for all n ∈ N.
Proof. Because any nodecreasing function is an MT -function, we know that ϕ is MT -function, and the conclusion follows from Theorem 2.1.
Similarly, we obtain the following result. 
In Theorem 2.3, if we let τ be an identy function, then we have the following result. 
